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GENERAL BACKGROUND

PURPOSE

The purpose of this study is to determine (1) the precipitation and runoff
for selected areas by methods based on gauged rainfall of record and basin
characteristics; (2) the extent of flooding at selected critical sections;
and (3) the locations which require some method of flood mitigation.

STUDY AREAS

This report includes studies for six separate drainage areas. Each area is

comprised of one or more combined or separate drainage basins. The study
areas are Cow Creek, Furnace Creek, Stovepipe Wells, Emigrant, Mesquite
Campground, and Scotty's Castle.

PREVIOUS REPORTS

An introduction to the general flood problems of Death Valley, geographic
setting, general discussion of precipitation, and the equations used to

determine floodflows for different probabilities of frequency are included in

a study titled, Potential Hazards From Floodflows and Debris Movement in the

Furnace Creek Area , by John R. Crippen, USGS. The report identifies the
potential problems and gives the extent of flooding for 25-year, 50-year,
and 100-year floods for the Furnace Creek fan and the Park Village Area of

Nevares Creek.

Potential Hazards From Floodflows in Grapevine Canyon , by James C. Bowers,
USGS, gives a description of the geographic setting, precipitation, flood
hydrology, flood discharges, and flood extents within Grapevine Canyon.
A map indicating the flooding at Scotty's Castle is included.

Death Valley Flood Studies, BASELINE FLOODPLAIN ANALYSIS , which was done by
Denver Service Center, in March, 1984, was a report similar to this report
but only studied three areas: Emigrant, Cow Creek, and Stovepipe Wells.
Additional topographic surveys have been obtained and the previous DSC report
has been updated and is incorporated into this report.

METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures and
isopluvials in NOAA ATLAS 2, Volume XI , prepared by the National Oceanic and
Atmospheric Administration. Precipitation for the probable maximum thunder-
storm was determined using the procedures and isohyets as prescribed in
DESIGN OF SMALL DAMS , Second Edition, Bureau of Reclamation.

Runoff was determined by the procedures described in DESIGN OF SMALL DAMS ,

and USGS Topographic Maps.

Flood extents at critical sections were determined using Manning's Formula
with an "n" value of 0.045 and cross-sections of the drainages.





RESULTS AND RECOMMENDATIONS

The results and recommendations for each study area are given in the respective
sections. The report is sectionalized to facilitate using each study as a

separate report, if desired.
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COW CREEK AREAS

GENERAL BACKGROUND

An introduction to the general flood problems of Death Valley, geographic
setting, general discussion of precipitation, and the equations used to

determine floodflows for different probabilities of frequency are included in

a study titled Potential Hazards from Floodflows and Debris Movement in the

Furnace Creek Area , by John R. Crippen, USGS . The report identifies the

potential problems and gives the extent of flooding for 25-year, 50-year,
and 100-year floods for the Furnace Creek fan and the Park Village Area of

Nevares Creek.

The Task Directive for Flood Mitigation Studies, Packages 271 and 301, which
was approved by Regional Director Howard Chapman on December 10, 1983,
designated various areas of concern within the greater Furnace Creek Develop-
ment as FC-1 through FC-7. FC-1 is the Park Village (Nevares Creek) and
FC-2 is the Park Service Development and Maintenance Area (Cow Creek).

PURPOSE

The purpose of this study is to determine (1) the precipitation and runoff
for FC-1 and FC-2 by methods based on gauged rainfall of record and basin
characteristics; (2) the extent of flooding at selected critical sections;
and (3) the locations which require some method of flood mitigation.

STUDY AREAS

The areas of concern for this report include four separate drainage basins
shown on the USGS map on page 3 as FC-1, Park Village; FC-2A, NPS maintenance
area; FC-2B, school area; and FC-2C, Cow Creek proper. Table 1 on page 5

gives the drainage area characteristics for FC-1, FC-2A, and FC-2B. Aerial
reconnaissance and aerial photographs revealed that runoff from FC-2C, the
Cow Creek drainage area, will not affect any development.

METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures and

isopluvials in NOAA ATLAS 2, Volume XI , prepared by the National Oceanic
and Atmospheric Administration. Precipitation for the probable maximum
thunderstorm was determined using the procedures and isohyets as prescribed
in DESIGN OF SMALL DAMS , Second Edition, Bureau of Reclamation.

Runoff was determined by the procedures described in DESIGN OF SMALL DAMS ,

and USGS Topographic Map, Chloride Cliff, California.

Precipitation and runoff for the areas are summarized in Table 2 on page 6

.

Flood extents at critical sections were determined using Manning's Formula
with an "n" value of 0.045 and cross-sections of the drainages taken on-site.
The following plans showing the locations of sections were taken from half-size
prints of Drawing Number 143-41019A.





RESULTS

FC-1. The drainage adjacent to the Park Village housing will not threaten
the housing area; however, the access road will periodically be washed out.
See pages 7 and 8

.

FC-2A. Runoff near the maintenance area will not affect any development
in the area including the recent construction adjacent to the drainage arroyo.
See pages 9 and 10

.

FC-2B. Runoff from the FC-2B drainage area is barely contained in the existing
ditches for the 100-year flood. Any amounts in excess of 290 cubic feet per
second will overflow the channel. The school is in a hazardous location with
the existing drainage provisions. See pages 11, 12, 13, and 14.

FC-2C. The drainage area for Cow Creek proper will not pose a threat to any
developed area. Highway 190 could wash out, however,, in a large storm.

RECOMMENDATIONS FOR FURTHER STUDY AND FLOOD MITIGATION

FC-1: A drainage ditch lined with riprap or cemented rubble could be designed
to contain the 50-year-f loodf low. The highway could be dipped and the
shoulders paved to withstand higher flows. A dip in the highway just above

the intersection with Skyline Drive would also help to prevent floodwaters

from FC-1 crossing over into FC-2B, the School Wash.

FC-2A: No action necessary.

FC-2B: The existing drainage channel should be lined to prevent washouts
and enlarged to contain a flow in excess of the 100-year flow with free-

board allowed. The fairly small drainage area would not generate a life-

threatening flood; however, damage to the school and trailer court could

occur. The lined channel should continue through the trailer court.

FC-2C: No action recommended; however, a dip in Highway 190 could be

installed to prevent washouts for the 50-year flood.
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Death Valley National Monument
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Flood Mitigation Studies
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Park Village
NPS Maintenance
School Wash
Cow Creek Drainage

FURNACE CREEK:
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FC-5 Furnace Creek Inn, Water Supply, & Indian Village
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STOVEPIPE WELLS
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SP-2 Stovepipe Wells Development

EMIGRANT
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SC-1 Tie Canyon
SC-2 Castle Area
SC-2 Water Supply
SC-3 Grapevine Canyon
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FURNACE CREEK AREAS

;ms

GENERAL BACKGROUND

An introduction to the general flood problems of Death Valley,

geographic setting, general discussion of precipitation, and the

equations used to determine floodflows for different probabilities
of frequency are included in a study titled Potential Hazards from

Floodflows and Debris Movement in the Furnace Creek Area, by

John R. Crippen, USGS. The report identifies the potential probl<

and gives the extent of flooding for 25-year, 50-year, and 100-year
floods for the Furnace Creek fan and the Park Village Area of Nevares
Creek.

The Task Directive for Flood Mitigation Studies, Packages 271 and

301, which was approved by Regional Director Howard Chapman on

December 10, 1983, designated various areas of concern within the

greater Furnace Creek Development as FC-1 through FC-7. FC-1 is

the Park Village (Nevares Creek) and FC-2 is the Park Service Develop-
ment and Maintenance Area (Cow Creek), both of which are examined
in the Cow Creek Section of this study.

PURPOSE

The purpose of this study is to determine ( 1 ) the precipitation
and runoff for areas FC-3, FC-5, and FC-6 by methods based on gauged
rainfall of record and basin characteristics; (2) the extent of
flooding at selected critical sections; and (3) the locations which
require some method of flood mitigation.

STUDY AREAS

The areas of concern for this report include five areas which are
FC-3, the Headquarters Wash; FC-5, Furnace Creek Inn; FC-5, Water
Supply Area; FC-5, Indian Village; and FC-6, Zabriskie Point Area.

The areas are indicated on an overall map on page 8 , and on more
detailed maps on pages 9 through 12. Table 1 on page 13 gives
the drainage area characteristics for FC-3, FC-5, and FC-6.

SPECIAL CONSIDERATIONS

Although this study is to determine • the extent of flooding with
the existing conditions, the extent of flooding for the Furnace
Creek Inn Area was determined for the existing conditions; for
FC-5 only by assuming no flow from FC-6; for FC-5 plus the 10-year
maximum flow from FC-6; and for FC-5 and all of the flow from FC-6.





The amount of flow from FC-6 depends on how much of the flow is

diverted into Gower Gulch at Zabriskie Point.

For the water intake area in Furnace Creek, the sections and flood

extent were determined for the flow from FC-5 plus the 10-year

maximum flow from FC-6. For comparison, the extent of flows for

the existing conditions, for forcing all of FC-6 to enter FC-5,

and for preventing any of FC-6 from entering FC-5 are shown on

additional sections at Section 5E.

METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures
and isopluvials in NOAA ATLAS 2, Volume XI, prepared by the National

Oceanic and Atmospheric Administration. Precipitation for the

probable maximum thunderstorm was determined using the procedures
and isohyets as prescribed in DESIGN OF SMALL DAMS , Second Edition,
Bureau of Reclamation.

Runoff was determined by the procedures described in DESIGN OF

SMALL DAMS , using USGS Topographic Maps; Furnace Creek, Calif.;

Big Dune, Nev. -Calif.; Ryan, Calif. -Nev. ; and Funeral Peak, Calif.

Precipitation and runoff for the areas are summarized in Table 2

on page 14.

Flood extents at critical sections were determined using Manning's
Formula with an "n" value of 0.045 and cross-sections of the drainages
taken on-site or from sections taken from half-size prints of Drawing
Number 143-41016A. These same plans were used to show the locations
of the sections for the Furnace Creek Fan Area. The locations
of sections for Zabriski Point are shown on a one-half size copy
of Drawing Number 143-41092.

FC-3 HEADQUARTERS WASH RESULTS AND RECOMMENDATIONS

Results

:

As indicated on the aerial photograph on page 15 and
the topography map on page 16, the 100-year flood and the probable
maximum flood will flow directly to the Visitor Center (Headquaters
Building). The flow may spread over a wide area and only be one
to two feet deep; however, it is also likely that the flow may
channelize and scour a channel only a few hundred feet wide and
several feet deep. The Headquarters Building lies at the low point
in the drainage and is in the most vulnerable location. The 100-year
flood will be contained mostly on the south side of the wash as
far down as the Texas Spring Campground access road. The flow will
then spread out until it is contained again at the depression formed
at the junction between the Headquarters Wash Fan and the Furnace





Creek Fan. The probable maximum runoff will spread out over the

fan; however, the sections indicate that 70 percent of the flow

or 10,330 cubic feet per second will be channeled to the vicinity

of the Headquarters Building. At the local drainage grade of three

percent, this would be a stream 200 feet wide and four feet deep.

Recommendations for further study and flood mitigation: The apparent
solution is to divert the flow to the north side of the Headquarters
Wash Fan. Two diversion dikes would be required: one about 600 feet

upstream of the Texas Spring Campground access road; and one just

above the abandoned airstrip and trailer parking area to divert
flows on the lower fan area. How these changes will affect the

lower flows and local drainage around the trailer parking and the

Visitor Center should also be examined.

FC-5 FURNACE CREEK INN RESULTS AND RECOMMENDATIONS

Results

:

The approximate locations of sections 5A and 5B are shown
on the color photograph on page 22. Sections showing the flood
depth and extent at 5A and 5B were prepared for four sets of conditions
1) flows at the existing conditions, 2) flows from FC-5 only, 3) flows
from FC-5 plus the 10-year flow from FC-6, and A) all of the flow

from FC-5 and FC-6.

1. Flows for existing conditions are the runoff from FC-5 plus
any overflow from FC-6. Since there is no overflow from FC-6
at the 100-year flow, the entire flow for the 100-year runoff
is from FC-5, which is 9,050 cubic feet per second (CFS).

The probable maximum runoff will be the flow from FC-5 plus
the overflow from FC-6 which will total approximately 90,000
CFS.

Sections 5A and 5B on page 23 indicate that for the 100-year
flow the roadway will be covered by about two feet and that
water will be about two feet high at the service building.
For the probable maximum flow, Section 5A shows a depth of
eight feet over the roadway and a depth of over three feet
at a vertical wall to protect the dormitories. Section 5B
shows a depth of 85 feet over roadway and around the service
building. The motel-unit dormitories between Sections 5A and
5B would have about one foot of water at the 100-year flood
and from five to six feet of water at the probable maximum
flood.

2. Flows from FC-5 only is the runoff at the Inn if all of the
flow from FC-6 is diverted into Gower Gulch. The flows are
9,050 CFS for the 100-year flow and A 1,100 CFS for the probable
maximum flow.





Sections 5A and 5B on page 24 indicate that for the 100-year flow

the roadway will be covered by about two feet of water and that

the water will be about two feet high at the service building.

For the probable maximum flow, Section 5A shows a depth of five

feet over the roadway with a threat of less than a foot to the

dormitories; and Section 5B shows a depth of 5g feet over the

roadway and around the service building. Flow at the motel dormi-

tories will be up to one foot for the 100-year flood and three

feet for the probable maximum flood.

3. Flows from FC-5 and the 10-year flow from FC-6 would be the combined

flow of 23,800 CFS for the 100-year flow and 55,850 CFS for the

probable maximum flow. Sections 5A and 5B on page 25 indicate

that for a 100-year flow the water will cover the roadway about

three feet and will be about three feet high at the service building.

For the probable maximum flood, Section 5A shows a depth of 65 feet

over the roadway and a depth of over one foot at a vertical wall

protecting the dormitories; and Section B shows a depth of 65 feet

over the roadway and around the service building. Flow at the

motel-unit dormitories will be one to two feet deep for the 100-year

flood and three to four feet deep for the probable maximum flood.

4. All the flow from FC-5 and FC-6 would be 27,000 CFS for the 100-year
flood and 90,000 CFS for the probable maximum storm. Sections
5A and 5B on page 26 indicate that for a 100-year flow the water
will cover the roadway about four feet and be about four feet

deep around the service building. For the probable maximum flood,

Section 5A shows a depth of eight feet over the roadway and a

depth of over three feet at a vertical wall protecting the dormi-
tories. Section B shows a depth of 8| feet over the roadway and

around the service building. The motel-unit dormitories between
Section 5A and 5B will have about two feet of water for the 100-year
flood and five to six feet of water for the probable maximum flood.

Recommendations: Regardless of who is responsible for the protection
of life and property, some flood precautions and mitigation should
be made. Some type of advance warning should be available to employees
at the service building at Section 5B; a low retaining wall should
b& constructed for the employee dormitories; and the use of the motel-
unit dormitories should be phased out or used for storage.

FC-5 FURNACE CREEK WATER INTAKE RESULTS AND RECOMMENDATIONS

Results: The locations of Sections 5C through 5G are indicated on
page 27 and page 28. Sections showing flood depths and extents at

5A through 5G for the flow from FC-5 plus the 10-year flow from FC-6
are on pages 29 through 33. For comparison, flood depths and extents
at Section 5E for the flow at existing conditions, flow from FC-5

only, and all the flow from FC-5 and FC-6 combined are shown on pages 34

through 36 . Page 28 is a plan of the flood extents for the flow from

FC-5 plus the 10-year flow from FC-6.





For the combined flow from FC-5 plus 10-year flow from FC-6, the flow

will be seven feet deep, and all the intake features within the wash

including the collection lines, headwalls, overflow, overflow percolation

lines, and the collection box will be washed out during a major flood

of 100-year frequency or longer. Also for this combined flow, runoff
from storms of only 5 to 10-year frequency could cause problems to

the sump line and overflow by scouring out the lines and by dumping

silty water into the overflow. The probable maximum flow will be

10^ feet deep which will endanger the highway by washing out the embank-
ment .

At Section 5E the flow for existing conditions will be 4^ feet deep
for the 100-year flood which will destroy the water intake features
within the wash, and the probable maximum flood will be 13j feet deep
which will also inundate and wash out the highway.

The flow from only FC-5 at Section E for the 100-year flood will be

^\ feet deep which would destroy the intake features within the wash,

and the probable maximum flood will be nine feet deep, which will
endanger the highway.

The flow from FC-5 and all of FC-6 combined at Section E for the

100-year flood would be 1\ feet deep which would destroy the intake
features within the wash, and the probable maximum flood would be

13j feet deep which will inundate and wash out the highway.

Recommendations: For the 100-year flood flow from FC-5 and the 10-year
flow from FC-6 combined, a diversion dike 10 feet high should be con-
structed around the collection box in the wash. An eight-foot dike
around the sump collection lines and headwall should be examined for

feasibility and cost effectiveness. The sump line overflow should
be connected to a new line which can be daylighted within the protective
dike for the collection box. No protection for the stilling well
and percolation trench for the collection box overflow line should
be provided. Complete protection cannot be constructed since the
percolation trench extends across the width of the wash. Also, destruc-
tion of the stilling well and percolation trench will not affect the
collection system.

For the existing conditions and for diverting all of the flow from
FC-6 down Cower Gulch, a diversion dike four feet high around the
collection box would be required.

For the intake area, the best solution is to divert as much of FC-6
as possible from entering FC-5. Possibly, a flow from FC-6 of up
to the 2 to 5-year maximum would protect the intake and allow sufficient
water resource rejuvenation.





FC-6 ZABRISKIE POINT RESULTS AMD RECOMMENDATIONS

Results: The map on page 8 shows the entire 188 square-mile FC-6

area. Also, pages 9 through 12 show reduced USGS quadrangle sheets

with topography of the FC-6 area. Page 37 is a reduction of a portion

of Drawing Number 1.43-4 1092 of the Zabriskie Area and gives the locations

of Sections FC-6A through FC-6E which are on pages 38 through 42.

The 100-year flood will be contained within the Furnace Creek wash

and will be diverted down Gower Gulch. A small amount of flow from

the upper portion of Zabriskie Wash to the east side of Highway 190 will

remain on the east side of the highway and not be diverted into Gower

Gulch; however, the flow should be insignificant.

The probable maximum flood down Furnace Creek Wash may barely be con-

tained south of the highway as shown on Sections FC-6A, 6B, and 6C.

The high velocity of flood water on the road embankment, however,
will most likely wash out the highway. Gower Gulch will contain and

divert approximately 39,000 CFS from Furnace Creek Wash and approximately
50,000 CFS will overflow Gower Gulch and continue down Furnace Creek
Wash as indicated by the flood extent map on page 37. Large flows

up to 15,000 CFS can be expected to flow down Zabriskie Wash as part of
a maximim storm in that portion of the drainage and this flow would
wash out Highway 190 at the wash and highway crossing.

Recommendations: The objective at Zabriskie Point is to have all
flow from the Furnace Creek Wash drainage basin (FC-6) continue down
Furnace Creek Wash up to the 10-year flood runoff. Runoff in excess
of the 10-year flow of 14,750 CFS will be diverted down Gower Gulch.
To accomplish the above requirements, it is recommended that all the
flow from Furnace Creek Wash be intercepted by a channel located between
Sections 6A and 6B. The channel will be constructed at a low gradient
to prevent abrasion of the channel lining and to contain a flowing
capacity of 14,750 CFS. Any flow in excess of 14,750 CFS will flow
over the channel and continue down the wash and be diverted into Gower
Gulch. The channel will continue down the wash and cross Zabriskie Wash
just south of Highway 190. Again, flow will cross the channel and
flow in excess of 14,750 CFS will spill over the channel and continue
into Gower Gulch. The channel will then continue down to the north
of the Zabriskie Point access trail and terminate. The flow will
then follow natural wash channels down Furnace Creek. Gower Gulch
capacity will have to accommodate 75,000 CFS and should be widened.
The highway at the Zabriskie Wash crossing should be designed to withstand
large flows and may require some grade and- horizontal realignment
to direct flow into the Furnace Creek channel which bypasses Gower
Gulch. A bridge or dip will be required where the channel crosses
the Zabriskie Point access trail.

The channel will have sloping sides of one or two or flatter so that
animals and humans will not fall into, or be trapped within the channel.





The channel will most likely be constructed of concrete and will have

a wide bottom for removing sediment by machinery.

The above assumptions could be changed to accommodate up to the

2 or 5 year flood flow from FC-6, which would substantially reduce
the cost of flood mitigation downstream at the Furnace Creek water

intake.

FC-5 INDIAN VILLAGE RESULTS AND RECOMMENDATIONS

Results

:

The location of the Indian Village is on the lower portion
of the Furnace Creek Fan as indicated on page 8. The flow from FC-5
will spread out over the fan and could affect the Indian Village,
especially if the flow becomes channelized.

Recommendations

:

To prevent flood waters from entering the Indian
Village, a low dike could be constructed above the village to divert
floodwaters to the south of the village.
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STOVEPIPE WELLS

GENERAL BACKGROUND

A report by John R. Crippen titled Potential Hazards from Floodflovs and

Debris Movement in the Furnace Creek Area contains an introduction to the

general flood problems, potential hazards, geographic setting, and

precipitation for the Death Valley area.

The Task Directive for Flood Mitigation Studies, Packages 271 and 301

approved December 10, 1983, contains the following description:

"Death Valley has had a long history of flash flood problems.
One of the worst in recent times occurred in 1969 when all roads
in and out of the valley were severed by flash flooding and many
buildings at Furnace Creek, Scotty's Castle, and Stovepipe Wells
suffered damage from mud and sheet flow runoff. As in the 1969
event flash flooding can be widespread across the monument, but
more often a severe downpour from a thunderstorm occurs in a

localized area.

"Stovepipe Wells is on the alluvial fan produced by outwash from
Mosaic Canyon in Tucki Mountain (part of the Panamint Range on

the west side of the valley). Here is located a National Park
Service (NPS) campground, a restaurant, motel, store, gas station,
and residences owned by NPS but operated by a concessioner.
Flash floods can concentrate in the canyon's several square mile
drainage basin and flow out onto the alluvial fan that the
development is on. The Stovepipe Wells development is about 2

miles from the mouth of Mosaic Canyon. Flash flood flows across
alluvial fans tend to be very unpredictable, forming sheet flows
or concentrating in channels in the fan. Because the flows can
spread out across the fan they are not as dangerous as flows
confined in canyons."

PURPOSE

The purpose of this study is to determine 1) the precipitation and runoff for

Mosaic Canyon and the alluvial fan above Stovepipe Wells; 2) the extent of

flooding at selected critical sections; and 3) the locations for which some
method of flood mitigation should be provided.

STUDY AREA

The areas of concern are Mosaic Canyon and the portion of the alluvial fan
above Stovepipe Wells which will contribute to the runoff affecting Stovepipe
Wells development. The drainage areas are shown on page A and are labeled
(1) for Mosaic Canyon and (2) for the alluvial fan above Stovepipe Wells
development. Page 5 is a copy of an aerial photograph of the areas and
page 6 is a photograph of the Stovepipe Wells development taken from the
east. Table 1, on page 7, gives the drainage area characteristics for

Area (1) and Area (2).
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METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures and

isopluvials in NOAA ATLAS 2, Volume XI , prepared by the National Oceanic and

Atmospheric Administration. Precipitation for the probable maximum thunder-

storm was determined using the procedures and isohyets as prescribed in

DESIGN OF SMALL DAMS , Second Edition, Bureau of Reclamation. Precipitation
for the areas is summarized in Table 2 on page 8.

Runoff was determined by the procedures described in DESIGN OF SMALL DAMS
,

and USGS Topographic Map, Stovepipe Wells, California. Runoff is also

summarized in Table 2 on page 8.

Flood extents at two locations were determined using Mannings Formula with
"n" values of 0.045. The two sections, one at the mouth of Mosaic Canyon
and one at the main dike at Stovepipe Wells, were taken on-site. The plan
on page 10 showing the dike section location was taken from a one-half size
print of Drawing Number 143-41083. The cross-sections are shown on pages 9

and 11.

RESULTS

At the mouth of Mosaic Canyon, a large wash extends down the northwest side
of the alluvial fan. The USGS topographic map shown on page 4 was completed
in 1952 and shows the drainage to follow the northwest side of the fan.

Recent aerial photographs (page 5) and aerial reconnaissance reveal that the
present flow from Mosaic Canyon follows washes and channels on the east side
of the alluvial fan to the east of the Stovepipe Wells development. The
capacity of a critical section occurring at the mouth of Mosaic Canyon
determines if the flood waters will be contained in the present wash and
continue to be diverted to the east side of the Stovepipe Wells development.
This critical section will contain even the probable maximum flood as shown
on page 9. Even if the parking area fill which forms one side of the critical
channel is breached, the flood waters would apparently follow the old wash
on the northwest side of the alluvial fan and not affect the development.
Large flows on alluvial fans are unpredictable, however, and the debris
carried by the flow could block existing channels and the high velocity of

the flood water could scour new channels.

The runoff which affects the Stovepipe Wells development appears to be sheet
flow originating from rainfall on Area (2) as shown on page 4. Total runoff
from this area amounts to only 220 cubic feet per second for the 100-year
flood and 1460 cubic feet per second for the probable maximum flood. The
plan on page 10 shows a section (SP-1) of the main dike above the develop-
ment, and the cross-section is on page 11. The section appears to be capable
of containing the 100-year floodflow; but not capable of containing the
probable maximum flow. It is questionable, however, that the section will
carry even a 25- or 50-year flood for several reasons. The dike is con-
structed on an almost horizontal grade and will serve more as a detention dam
than a diversion dike. Since the dike does not contain a core to reduce the

permeability of the dike material, water contained behind the dike will begin
seeping through the dike and eventually break through. Also, flood waters





arriving at the dike will lose velocity due to the stilling action of the

horizontal dike and will drop their sediment and debris load, thereby

filling in the available water carrying channel.

A small drainage ditch within the development is sufficient for removing
rainfall runoff which occurs downhill from the main dike.

RECOMMENDATIONS FOR FURTHER STUDY AND FLOOD MITIGATION

Mosaic Canyon . A riprap wall extending approximately 500 feet from the mouth
of the canyon along the west wall of the wash would protect the access road
and parking lot for Mosaic Canyon. The riprap would also ensure that flood
water remained diverted to the east side of the alluvial fan and would
thereby protect the Stovepipe Wells development from flood waters which
could otherwise form new channels toward the development.

The riprap would be placed at a 1 on 2 slope against the existing west bank
and would be about 9 feet high, the same height of the existing vertical bank,
The riprap would only be visible from within the wash. A few additional
field sections and measurements would be required to provide the data for
determining the wall heights at various locations and total length for pre-
liminary design and estimates.

Alluvial Fan . A few earthen diversion dikes placed along the boundaries of
Area (2) may prevent channels and washes from other, adjacent drainage areas
from relocating into Area (2) . Additional aerial and on-site reconnaissance
would be required to locate positions for useful preventative dikes.

Stovepipe Wells . The main diversion dike above the development should be
repositioned to form a wedge to divide the sheet flow from Area (2) into two
channels along the face of the dike. The grade along the base of the dike
should be steep enough to maintain the velocity of the flow sufficiently to

prevent the deposition of sediment and debris. The flow veolcity should not
be excessive, however, which would undermine and erode the dike. The dike
should be faced with riprap sized to accommodate the design flow velocities,
and the dike should have an impermeable core to prevent water seepage.

The existing topographic map, Drawing Number 143-41083, is adequate to design
this new dike.

Some reshaping of the drainage channel within the development may be

desirable. The existing mounds of soil within the development could be

removed; however, grading for drainage around the buildings should be
studied and improved.
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EMIGRANT CANYON RANGER STATION

GENERAL BACKGROUND

An introduction to the general flood problems of Death Valley, geographic
setting, and general discussion of precipitation are included in a study

titled Potential Hazards from Floodflovs and Debris Movement in the Furnace
Creek Area , by John R. Crippen, USGS.

The Task Directive for Flood Mitigation Studies, Packages 271 and 301, approved
on December 10, 1983, discusses obtaining baseline data for several areas
including Emigrant Ranger Station. The information that the studies should
provide is also addressed.

Emigrant Ranger Station area includes the ranger station with attached ranger's
residence, a travel trailer with utilities, a comfort station, and a 10-site
campground. The ranger station is 1.75 miles downhill from the mouth of

Emigrant Canyon, and is also 4.5 miles downhill from the mouth of Towne Pass
canyon. The station is near the junction of Highway 190 and Highway 178.

PURPOSE

The purpose of this study is to determine (1) the precipitation and runoff
for Emigrant Canyon and Towne Pass which concurrently or separately will
produce the maximum 100-year and probable maximum flood at the Emigrant Ranger
Station; (2) the extent of flooding at selected critical sections; and (3) the
locations for which some method of flood mitigation should be provided.

STUDY AREA

The areas of concern for this report include the portion of the Towne Pass
drainage basin which will contribute runoff to the Emigrant Ranger Station
Wash; the drainage basin which will contribute directly to Emigrant Canyon;
and the Harrisburg Flats basin which contributes to Emigrant Canyon. The
drainage areas are shown on pages 4 and 5, and are labeled (1) for Towne Pass,

(2) for Emigrant Canyon, and (3) for Harrisburg Flats. Page 6 is a copy of a

photograph showing the mouth of the Towne Pass canyon, the mouth of Emigrant
Canyon, and the Emigrant Ranger Station location. The maximum runoff which
will affect the ranger station area for the 100-year and probable maximum
precipitation will depend on the basin characteristics of the three areas
either contributing independently or in combination. The characteristics
of the separate and combined basins are given in Table 1 on page 7.

METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures and
isopluvials in NOAA ATLAS 2, Volume XI , prepared by the National Oceanic and
Atmospheric Administration. Precipitation for the probable maximum thunder-
storm was determined using the procedures and isohyets as prescribed in
DESIGN OF SMALL DAMS , Second Edition, Bureau of Reclamation. Precipitation
for the areas and combinations of areas is summarized in Table 2 on page 8.





PAGE 2

Runoff was determined by the procedures described in DESIGN OF SMALL DAMS ,

and USGS Topographic Maps, Emigrant Canyon and Panamint Butte, California.

Since areas have their precipitation and rainfall intensity adjusted for size,

and since combinations of areas have varying times of concentration, several

separate and combined areas were examined to determine the maximum rates of

runoff. Runoffs for the areas and combinations of areas are also summarized
in Table 2 on page 8.

Flood extents at two locations were determined using Manning's Formular with
"n" values of 0.045. The two sections, one at the mouth of Emigrant Canyon
and one at the wash adjacent to the Emigrant Ranger Station, were taken on-site.
The cross-sections are shown on pages 9 and 10.

RESULTS

The USGS topographic map of Emigrant Canyon on page 4 and the aerial photograph
on page 6 indicate that the runoff from Emigrant Canyon follows Emigrant Wash
which is 700 to 1000 feet west of the ranger station. On-site and aerial
examination revealed, however, that the drainage channel at the mouth of

Emigrant Canyon will carry only the normally small flows which occur relatively
frequently. Larger flows generated by storms of 50 years or longer recurrence
will overflow the channel at a critical section near the mouth and flow into

the drainage from Towne Pass.

The combined runoff from the Towne Pass, Emigrant Canyon, and Harrisburg
Flats drainage areas produced the maximum peak, flows for both the 100-year
and the probable maximum floods. The large, almost basin-like shape of

Harrisburg Flats may affect the validity of the soil percolation assumptions;
however, the combined effect of Towne Pass and Emigrant Canyon drainages
produced almost the same results. The flows reaching the Emigrant Ranger
Station area have been reduced by the amount of flow remaining in the Emigrant Wash

The critical section for the mouth of Emigrant Canyon is shown on page 9.

Some of the runoff will overflow into Towne Pass drainage which will threaten
the Emigrant Ranger Station.

A cross-section of the wash adjacent to the Emigrant Ranger Station is shown
on page 10. The wash will contain the maximum flood.

RECOMMENDATIONS FOR FURTHER STUDY AND FLOOD MITIGATION

Emigrant Canyon : The critical section near the mouth of Emigrant Canyon could
be widened to increase capacity, and a dip in Highway 178 to accommodate larger
flows without damage to the highway could be installed. Some additional field
measurements would be required to prepare preliminary designs and estimates.

Emigrant Junction : Near the junction of Highway 178 and Highway 190, a

diversion dike upstream of Highway 178 and a dip in Highway 178 are necessary
to protect the highways and to ensure that the combined design flow remains
within a predictable channel. A survey crew obtained the necessary basic
data in October, 1984.
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Emigrant Ranger Station : The wash will contain the maximum flows; however,
the high velocities of 8 to 17 feet per second for the 100-year and greater
floods require that the channel adjacent to the ranger station be lined.

Large quarry-stone riprap extending a few hundred feet upstream from the

ranger station would be the probable solution. The riprap would need to be
keyed into the streambed for three to four feet and would be placed at a

1 on 2 slope to about 9 feet high. The dike may need to be heightened or
thickened in places to provide adequate support for the riprap . The riprap
construction would not be visible outside of the wash.

In the Spring of 1984, a survey crew obtained basic field data by which
preliminary drawings and estimates can be made.
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MESQUITE CAMPGROUND

GENERAL BACKGROUND

An introduction to the general flood problems of Death Valley, geographic
setting, general discussion of precipitation, and the equations used to

determine flood flows for different probabilities of frequency are included
in a study titled Potential Hazards from Flood Flows and Debris Movement in

the Furnace Creek Area , by John R. Crippen, USGS, 1979.

An additional study entitled "Potential Hazards from Flood Flows in

Grapevine Canyon, Death Valley National Monument, California and Nevada " by
James C. Bowers, USGS, was completed in 1983. This latter study examines
the geographic setting of Grapevine and Tie Canyons, the precipitation of
the area, flood hydrology, cross-sections with flood extents in Grapevine
Canyon, and the potential hazards for Grapevine Canyon and Scotty's Castle
area. Grapevine Canyon drainage area is a portion of the drainage area for
the Mesquite Campground.

PURPOSE

The purpose of this study is to determine (1) the precipitation and runoff
for the drainage area above Mesquite Campground by methods based on gauged
rainfall of record and basin characteristics; (2) the extent of flooding at

a selected critical section; and (3) some possible methods of flood
mitigation.

STUDY AREA

The area of concern for this report includes a large, 505 square mile drainage
area as shown on the USGS topography map on page 3 . The area forms the
drainage basin and collects the runoff which passes through the Mesquite
Springs Campground in Death Valley Wash.

Table 1 on page 4 gives the drainage area characteristics for the Mesquite
Campground drainage basin for the entire basin and for a 100 square mile
portion of the basin which is the maximum area that can be used in computing
the runoff for a probable maximum precipitation (PMP) storm.

METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures and
isopluvials in NOAA ATLAS 2, Volume XI , prepared by the National Oceanic and
Atmospheric Administration. Precipitation for the probable maximum storm
and the maximum general-type storm was determined using the procedures and

isohyets as prescribed in DESIGN OF SMALL DAMS, Second Edition, Bureau of

Reclamation.





Runoff was determined by the procedures described in DESIGN OF SMALL DAMS ,

and USGS Topographic Maps: Magruder Mountain, Last Chance, Dry Mountain,
Tin Mountain, Ubehebe Crater, and Bonnie Claire SW, California; and Gold
Point and Gold Point SW, Nevada.

Precipitation and runoff for the areas are summarized in Table 2 on page 5.

Flood extents at critical section were determined using Manning's Formula
with an "n" value of 0.045 and a cross-section of the drainage taken on-site.
The following plan showing the location of the section was taken from USGS
topography map, Tin Mountain, California.

RESULTS

One section was taken in the field in the approximate location shown on a

portion of Tin Mountain Quadrangle, USGS Topography Map, on page 6.

The section is shown on page 7 with the flow depths for the 2-year, 10-year,
25-year, 50-year, 100-year, probable maximum, and maximum general-type storms.

The two-year storm will be about 6^ feet deep in Death Valley Wash; and the

10-year storm runoff will be about 9^ feet deep and will almost fill the
wash. For storms of greater runoff than the 10-year frequency, a vertical
wall was assumed which would contain the flow. The 25-year storm requires
a wall 1% feet high; the 50-year storm, 2 feet; the 100-year storm, 3 feet;

the probable maximum thunderstorm, 5 feet; and the probable maximum general-
type storm, 8 feet.

RECOMMENDATIONS FOR FURTHER STUDY AND FLOOD MITIGATION

During seasons of highest flood possibility, overnight camping could be barred
from near the wash. A warning system should be installed to be implemented
during potentially hazardous thunderstorms to prevent hiking or other activi-
ties within wash area proper.
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BASELINE FLOODPLAIN ANALYSIS

Death Valley National Monument

California and Nevada

Flood Mitigation Studies
Package 271
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GRAPEVINE CANYON — SCOTTY'S CASTLE

GENERAL BACKGROUND

An introduction to the general flood problems of Death Valley, geographic

setting, general discussion of precipitation, and the equations used to

determine flood flows for different probabilities of frequency are included in

a study titled Potential Hazards from Flood Flows and Debris Movement in the

Furnace Creek Area , by John R. Crippen, USGS, 1979.

An additional study entitled "Potential Hazards from Flood Flows in Grapevine

Canyon, Death Valley National Monument, California and Nevada " by James C.

Bowers, USGS, was completed in 1983. This latter study examines the geographic
setting of Grapevine and Tie Canyons, the precipitation of the area, flood
hydrology, cross sections with flood extents in Grapevine Canyon and in the

immediate vicinity of Scotty's Castle, and the potential hazards for Grapevine
Canyon and Scotty's Castle area.

PURPOSE

The purpose of this study is to determine (1) the precipitation and separate
and combined runoff for SC-1, SC-2 , and SC-3 by methods based on gauged rain.-

fall of record and basin characteristics; (2) the extent of flooding at

selected critical sections; and (3) the locations which require some method
of flood mitigation.

STUDY AREAS

The areas of concern for this report include three drainage basins shown on the

USGS map on page 5 as SC-1, Tie Canyon; SC-2, Grapevine Canyon area; and SC-3,

lower Grapevine Canyon. Table 1 on page 6 gives the drainage area character-
istics for SC-1, SC-2, and SC-3. Scotty's Castle is located at the mouth of

drainage area SC-2. Flood amounts for SC-2 will also be used for the water
intake area for Scotty's Castle which is located about one mile above Scotty's
Castle. Topography maps indicate that the Grapevine Ranger Station is located
outside of the floodplain about one mile below the mouth of Grapevine Canyon
(SC-3).

METHODOLOGY

Precipitation for the 100-year storm was determined using the procedures and

isopluvials in NOAA ATLAS 2, Volume XI , prepared by the National Oceanic and

Atmospheric Administration. Precipitation for the probable maximum thunder-
storm was determined using the procedures and isohyets as prescribed in

DESIGN OF SMALL DAMS , Second Edition, Bureau of Reclamation.

Runoff was determined by the procedures described in DESIGN OF SMALL DAMS ,

and USGS Topographic Map, Ubehebe Crater, California.

Precipitation and runoff for the areas are summarized in Table 2 on page 7.





Flood extents at critical sections were determined using Manning's Formula

with an "n" value of 0.045 and cross-sections of the drainages. The following

plans showing the locations of sections at Scotty's Castle were taken from

half-size prints of Drawing Number 143-41022.

The topography map showing the locations of sections for the water intake area

for Scotty's Castle was just completed in 1985.

RESULTS

SC-1 Tie Canyon . Tie Canyon flows into Grapevine Canyon just downstream from
Scotty's Castle. The 100-year flow from Tie Canyon as determined by this study
is 4,100 cubic feet per second (cf s) , which compares to the 3,900 cfs for the

USGS study. The 100-year combined flow of SC-1 and SC-2 (Tie and Grapevine
Canyons) for this study is 11,000 cfs compared to the 16,000 cfs for the USGS
study. The probable maximum flood for SC-1 is 18,200 cfs and for SC-1 and SC-2

combined is 45,500 cfs. The USGS study estimated the maximum experience floods

as 28,300 cfs for SC-1 and 122,000 for SC-1 and SC-2 combined. Tie Canyon
contributes to the flooding of the lower Grapevine Canyon. Highway 72 through
the lower Grapevine Canyon will be inundated in several locations by the 25-year
or larger floods as shown in the cross-sections in the USGS study.

SC-2 Grapevine Canyon . The 100-year flow of 8,500 cfs compares to the 12,100
cfs flow as determined in the USGS study. The probable maximum flood flow
is 36,400 cfs for this study; whereas, the maximum experience flow from the

USGS study was 93,700 cfs. Flooding of Highway 72 will occur in several loca-
tions by smaller flows than the 25-year flood, especially in locations where
the road covers nearly the entire canyon floor.

SC-2 Scotty's Castle . A 100-year flow of 8,500 cfs and a probable maximum flow
of 36,400 cfs were used for the flood extent calculations at Scotty's Castle.
Page 8 shows locations of cross-sections and the extent of the 100-year and
probable maximum floods in the Scotty's Castle area.

Section 2B indicates that the highest elevation of the 100-year flow will be
more than three feet below the floor of the stable, and the probable maximum
flow (PMF) will be about 1/2-foot high on the face of the stable.

Section 2C indicates that the highest elevation of the 100-year flow will be
about 1% feet below the cafe and about 50 feet from the cafe. Much of the
parking area will be inundated. A PMF flood would cover the parking area below
the cafe and be about 2h feet high on a protective wall around the cafe.

Section 2D gave results identical to Section 2C.

Section 2E indicates that the 100-year flow will cover about one-third of the
parking area below the cafe and the highest elevation will come to 6 feet
below the highway. The PMP flood will cover all of the parking area below the
cafe and will be up to the level of Highway 72.





Without a protective wall around the cafe, the PMP flood will extend to the

limits shown on page and will be about 2 feet deep around the cafe. The

cafe would be destroyed by the 20-feet-per-second velocity of the flood.

The final results of this study and the results of the Bowers study are

approximately the same.

SC-2 Water Intake Area . A 100-year flow of 8,500 cfs and a PMP flow of

36,400 cfs were also used to determine the flood extent for the water intake
area about one mile above Scotty's Castle. The locations of sections and

the 100-year and PMP flood extents are shown on page 13 which is a reduction
of Drawing Number 143-41096.

Section 2A.1: At this point, the 100-year flood would be overflowing the
existing protective dike by about 1/2 foot, and would flood the Spring Box
Channel by over 2 feet. The PMP flood would overflow the dike by 6 feet.

Section 2A.2: The 100-year flood will overflow the existing dike by lh feet
which would cover the spring box by 4 feet, destroying the water collection
system. The PMP flood will overflow the existing dike by bh feet.

Section 2A.3: The 100-year flood will overflow the existing dike at this
location by over 2 feet which will be 4 feet deep around the chlorinator
house, which would destroy the house. The PMP flood will overflow the dike
by over 8 feet.

Since the dikes will be breached by the 100-year flood, the collection system
would be severely damaged by flows of from 2^ to 4 feet around and over the
existing facilities.

SC-3 Lower Grapevine Canyon . The combined flows of areas SC-1, SC-2, and SC-3
are 11,500 cfs for the 100-year flood and 55,200 cfs for the PMP flood. The
roadway will be covered by up to 4 feet of flood water during a 100-year runoff
and by up to 12 feet during a PMP runoff at locations where the roadway is on
or near the canyon floor.

RECOMMENDATIONS FOR FURTHER STUDY AND FLOOD MITIGATION

SC-1 Tie Canyon . Consideration should be given to the eventual redesign and
relocation of Highway 72 through Grapevine Canyon. Until then, some warning
devices during potentially hazardous storms should be used.

SC-2, SC-3 Grapevine Canyon . Highway 72 should be redesigned, especially in

the hazardous portions of the Canyon. Warning devices should be used during
potentially hazardous periods of rainfall.

SC-2 Scotty's Castle . A low, 4-foot wall to divert PMP flows around the cafe
should be installed. To provide protection for 100-year flows, the parking lot

should be shortened by 50 feet and raised 3% feet; however, parking for 50

vehicles would be lost. The displaced parking could be relocated to the south
side of the canyon, adjacent to Highway 72. Warning devices for potentially
hazardous rainfall conditions should be installed.





SC-2 Scotty's Castle Water Intake Area . Structural protection should be

provided for the expected life of the installation, which would be about
50 to 100 years for the water intake. The 100-year flow would require raising
the dike about 2h to 3 feet. The 50-year flows should be determined for this
area as further study.
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